Background: We counsel our triple-negative breast cancer (TNBC) patients that the risk of recurrence is highest in the first 5 years after diagnosis. However, there are limited data with extended follow-up on the frequency, characteristics, and predictors of late events.
A total of 10-20% of newly diagnosed early breast cancers are triple-negative breast cancers (TNBCs), a term used to describe breast cancers that do not express oestrogen receptor (ER) or progesterone receptor (PR) and lack overexpression of human epidermal growth factor receptor 2 (HER-2/neu) (Foulkes et al, 2010) . Several large studies have demonstrated that patients with TNBC have worse clinical outcomes and a unique pattern of recurrence compared with hormone receptor-positive (HR þ ) and HER-2/neu receptor-positive (HER2 þ ) breast cancer patients (Dent et al, 2007; Liedtke et al, 2008; Lin et al, 2012) . Patients with TNBC have been shown to have the highest rate of recurrence within the first 5 years after diagnosis, with a significant decrease and plateauing of the recurrence rate afterwards. Compared with patients with HR þ tumours, distant recurrence tends to occur more frequently in visceral organs, including the brain, liver, and lungs, and less frequently in bone (Liedtke et al, 2008) . Furthermore, post-recurrence survival is decreased compared with that in patients with HR þ tumours. Our research group previously published a large study of TNBC patients after neoadjuvant chemotherapy; in addition to highlighting this unique pattern of recurrence, importantly, we demonstrated that patients who do not achieve a pathologic complete response (pCR) have a poor outcome relative to patients with HR þ disease (Liedtke et al, 2008) .
Although we counsel our TNBC patients that the recurrence rate is highest in the first 5 years after diagnosis, there are limited data with extended follow-up, in particular of TNBC survivors who survive X5 years from diagnosis. Published studies on this topic have a median follow-up of o5 years (Liedtke et al, 2008; Lin et al, 2012) or have a relatively small population of TNBC 5-year disease-free survivors (Cortazar et al, 2014) . In addition, they have incomplete receptor information and only classify tumours as ER negative (Saphner et al, 1996; Brewster et al, 2008; Dignam et al, 2009) or do not present specific hormone receptor percentage to distinguish o1% ER and PR tumours from low hormone receptorpositive (ER and/or PR 1-9%) tumours (Saphner et al, 1996; Dent et . Several of these are older publications and do not necessarily include contemporary anthracycline-based regimens (Saphner et al, 1996; Dignam et al, 2009) , lack specific information on the timing and type of chemotherapy (Dent et al, 2007; Brewster et al, 2008; Lin et al, 2012) , or lack information on pCR when patients receive neoadjuvant chemotherapy (Dent et al, 2007; Lin et al, 2012) . It is critical to obtain more specific information on long-term outcomes, particularly the frequency and pattern of late recurrences, in TNBC patients to accurately inform patient counseling. In addition, identifying the predictors of recurrence may help us identify high-risk patients who we can offer potential investigative therapeutic strategies to reduce the risk of late relapse. Notably, we do not know how late outcomes differ on the basis of the old definition of TNBC and the new definition established in 2010 by ASCO/CAP (Hammond et al, 2010) that requires o1% ER and PR expression instead of the o10% commonly used cutoff in earlier studies. The University of Texas MD Anderson Cancer Center (Houston, TX, USA) Breast Cancer Management System (BCMS) provides a large data set of TNBC patients, including survivors with long-term follow-up data. In this retrospective study, we queried this database to identify the long-term (45 years) recurrence rates, patterns, and predictors of late recurrence in TNBC patients. 
MATERIALS AND METHODS
Patient selection. Patients were identified from the BCMS, a database housed in the Department of Breast Medical Oncology at MD Anderson that includes all patients with a diagnosis of breast cancer assessed and treated at the institution since January 1997. Included in this study were all female patients with a history of stage I-III primary TNBC who survived to 5 years from diagnosis without disease recurrence or development of second primary breast cancer and had been seen in the breast centre or cancer survivorship clinic at MD Anderson from 1 January 1997 when the database was started until 7 April 2015 when the analysis for this project was begun. To minimise referral selection bias, we limited our study population to patients who had presented to MD Anderson within 3 months of diagnosis. The study was approved by the institutional review board that granted a waiver of informed consent for the study. TNBC was defined as ER-negative or o10% if the percentage was specified, PR-negative or o10% if the percentage was specified, and HER-2/neu status 0 or 1 þ by immunohistochemistry analysis or 2 þ with negative fluorescence in situ hybridisation (HER2/CEP17 ratio of o2 or HER2 gene copy number o4). Patients with any missing receptor information or a missing pathology report were excluded from the analysis; however, patients were included in this study if receptor status was defined as 'negative' even if percentage was missing. The MD Anderson electronic medical record was reviewed to verify the receptor status of all the patients included in this study. Patients with concurrent non-TNBC and/or who developed a second primary breast cancer even after 5 years of disease-free survival were also excluded to minimise competing risks.
Variable and outcome definitions. The database was used to gather information regarding patient demographics (age, race, and body mass index), cancer stage (including TNM stage), tumour characteristics (receptor information and tumour histologic type and grade), type of therapy (surgery, chemotherapy, radiation therapy, or endocrine therapy), dosing and administration details of chemotherapy, and pathologic and clinical outcomes. Clinical outcomes included local recurrence, distant recurrence, breast cancer-related death, non-breast cancer-related death, and death from unspecified cause. These clinical end points were translated to the outcomes of interest on the basis of the STEEP criteria. Recurrence-free interval (RFI) was measured from the date of diagnosis of primary cancer to the date of first invasive ipsilateral breast tumour recurrence, local or regional invasive recurrence, distant recurrence, or death documented because of breast cancer. Recurrence-free survival (RFS) was measured from the date of diagnosis of primary cancer to the date of the first invasive ipsilateral breast tumour recurrence, local or regional invasive recurrence, distant recurrence, or death from any cause. Distant relapse-free survival (DRFS) was measured from the date of diagnosis of primary cancer to the date of first distant recurrence or death from any cause (Hudis et al, 2007) . Patients were censored at the date of their last follow-up for those who did not have an event.
Statistical analysis. Patient characteristics were described by their frequency and percentage for categorical variables and mean and s.d. for continuous variables. The median follow-up time was calculated on the basis of the 'reverse Kaplan-Meier' method (Schemper and Smith, 1996) . The Kaplan-Meier method was used to estimate survival functions. Potential predictors were assessed using univariate Cox proportional hazards models. Variables that were significant at the 0.25 significance level in univariate analysis were considered as candidates for multivariable model (Hosmer et al, 2013) . A backward selection method was used for multivariable model building and Po0.05 was considered for statistical significance in multivariable modelling. The data analysis was conducted using SAS software, version 9.4 (SAS Institute, Cary, NC, USA), and STATA software, version 12 (Statacorp, College Station, TX, USA). 
RESULTS
Patient population. We identified 873 TNBC patients (Figure 1 ) who were disease free 5 years after diagnosis and met selection criteria for study inclusion, with a median follow-up of 8.3 years (range, 6.8-10.4 years) from initial diagnosis. Table 1 shows the patient demographic, tumour characteristics, treatment, and pathological outcome variables. The mean age at diagnosis was 51.4 years. Most patients had stage 2 cancer (51.7%), grade 3 disease (88.4%), and invasive ductal histology (90.8%). The other histologic types, in the order of decreasing frequency, were lobular, sarcomatoid, papillary, medullary, and adenocystic. More than 80% of patients had received anthracycline-based chemotherapy. Approximately one-third of patients had received neoadjuvant chemotherapy, and 40.6% of these patients had achieved a pCR. The primary tumour was treated with adjuvant endocrine therapy in 4.5% of patients, predominantly because of either low hormone receptor disease (1-9%) or concurrent HR þ ductal carcinoma in situ. A mastectomy was performed in 59.3% of patients, and 72.2% received adjuvant radiation therapy. Of the 623 (71.3%) patients for whom ER and PR percentage was documented, 76.4% met the current definition of TNBC (ER and PR o1%).
Frequency and characterisation of late events. Figure 2 illustrates the cumulative probabilities of remaining free from event for RFI, RFS, and DRFS. The 10-year RFI was 97%, RFS 91%, and DRFS 92%. The 15-year RFI was 95%, RFS 83%, and DRFS 84%. Of the 873 patients, 22 had late recurrences. Sixteen (72.7%) of the recurrences were distant. Sites of distant metastases included the lungs/pleura (50.0%), distant lymph nodes (36.4%), bones (27.3%), liver (13.6%), central nervous system (13.6%), pancreas (4.5%), and distant skin (4.5%). Six patients initially presented with local recurrence only, with 5 presenting with ipsilateral breast masses and the other with regional lymph node recurrence. Of the 22 patients who had recurrences, 16 died, with a median time to death after recurrence of 1.2 years (range, 0.7-2.6 years). There were 57 deaths: 28.1% were attributed to breast cancer, 63.2% to other, and 8.8% to unknown causes in the absence of documented recurrence.
Supplementary Tables 1-3 show comparison of patient, tumour, and treatment characteristics between patients who had an event and those who did not for each of the three end points in this study.
Predictors of late events. Figure 3 for RFS. Of note, given that 28.6% of patients had missing percentage information, we performed a comparison of the baseline demographic, tumourspecific, and treatment variables between patients with missing information and those with a specified hormone receptor percentage and found no significant differences. (10) 873 (24) 873 (22) 747 (7) 747 (10) 747 (7) 596 (3) 596 (10) 596 (10) 459 (0) 459 (8) 459 (8) 327 (0) 327 (3) 327 (3) 234 (0) 234 (3) 234 (3) 148 (0) 148 (0) 148 (0) 91 (2) 45 (0) 45 (1) 45 (1) 15 (0) 15 (0) 15 ( 
DISCUSSION
To our knowledge, this is the first large study with extended followup to quantify the frequencies of late events in 5-year TNBC survivors (including HER2-negative disease and not just hormone receptor negative (HR À ) disease reported in several prior reports) and to identify predictors of late event risk. In clinical practice, we generally reassure our patients and their families that the risk of breast cancer recurrence is minimal once they have survived for 5 years without disease. Although this is generally true, we found that 5% of these survivors will have a breast cancer recurrence within the subsequent 10 years. This quantification of late events is important to better educate our patients about what to expect once they have transitioned to survivorship and to emphasise the importance of continued follow-up even after this transition. These low late recurrence rates are in stark contrast to what has historically been seen in patients with HR þ breast cancer. The Early Breast Cancer Trialists' Collaborative Group presented data on long-term recurrence risks after use of 5 years of endocrine therapy in 46 000 patients with HR þ breast cancer who were alive and disease free at 5 years (Pan, 2016) . Continued increased risk was seen up to 20 years from diagnosis even in those with T1N0 disease, with distance recurrence rates between years 5 and 20 from diagnosis ranging from 14% for T1N0 disease to 47% for T2N4-9 disease. These results are supported by contemporary randomised trials, including MA-17 and ATAC, that show continued risk even with 10 years of adjuvant endocrine therapy, with an B5-10% recurrence risk between years 5 and 10 from diagnosis (Ingle et al, 2008; Cuzick et al, 2010) . The results of our study, in comparison with these recurrence rates of patients with HR þ breast cancer, have key implications for counseling patients, surveillance monitoring, and also importantly for design of clinical trials. Although it is a longstanding observation that HR À disease has lower recurrence rates in later years post diagnosis than HR þ disease, this study incorporates HER2 receptor status to demonstrate that this same observation holds true in a TNBC population. In addition to evaluating a truly HR À TNBC population, based on a subset analysis this study also shows that late recurrence rates in low HR þ disease are also not comparable to X10% HR þ disease.
With the change in the definition of TNBC in the ACP-ASCO 2010 guidelines, there is an increased interest in studying the differences in outcomes, pathophysiology, and response to treatment among cancers with low HR positivity (ER and/or PR 1-9%) that were previously included in the TNBC definition and tumours that meet the current strict TNBC definition (ER and PR o1%). Recently published data from our institution found no differences in outcomes between breast cancer patients with ER and PR o1% tumours and low HR þ tumours (Yi et al, 2014) . Our study extends these findings by focussing on long-term followup, particularly of 5-year disease-free TNBC survivors. Based on a subset analysis, our data support that the low HR þ population biologically behaves similarly to the o1% ER/PR current definition of TNBC population and is different than X10% HR þ early breast cancer. We did not find a statistically significant higher risk of recurrence by RFI that, compared with our other end points, should theoretically more accurately reflect true recurrence rate as it does not include non-breast cancer-related deaths. However, because of the fact that RFI does not capture competing risk of non-breast cancer deaths and may also not be capturing additional breast cancer recurrences that were recorded as deaths from unknown cause, we performed our analyses with RFS and DRFS end points as well. Though we found an increased event rate with low HR positivity compared with TNBC with o1% ER/PR disease in RFS only, the magnitude of these event rates was still relatively low compared with historical event rates for HR þ disease; a similar trend was seen for RFI and DRFS, though as discussed did not reach statistical significance. In addition, we did not find a signal for improved outcomes with endocrine therapy in this low HR þ group, but given the low number of events, the study was underpowered to detect a clinically significant difference, should such a signal exist. These conclusions are significant for identifying a subset of patients who may be at higher risk for late breast cancer recurrences but also highlighting they behave more similar to o1% ER/PR than X10% ER/PR disease.
There are several limitations to this study. First, given the retrospective nature of the analysis, there may be unmeasurable confounders, and the results need to be interpreted as correlative as opposed to cause and effect relationships. Second, the data were obtained at a large referral centre, and retrospective databases are at risk for referral selection bias. To counteract this, we limited our study population to patients who presented to MD Anderson within 3 months of diagnosis. Third, B30% of patients had missing ER/PR percentage information, and we were therefore limited to a subset analysis to determine effects of low hormone receptor positivity. An analysis of the baseline characteristics between those we included in our analysis and those with missing percentage information showed no significant differences; therefore, we believe that the selection bias should be minimal. Regardless, future studies with complete percentage information are needed to validate the results of this study. Finally, the sample size in this study is relatively small and therefore the power to detect differences between subgroups is limited. Analysis of larger data sets of 5-year disease-free survivors is therefore warranted in the future to build on the results of this current analysis.
This study has several key strengths, and the results could be incorporated into clinical practice and influence how we educate TNBC survivors. First, this was a large single-centre study with 1428 (45) 441 (30) 897 (24) 297 (15) 417 (6) 183 (3) 138 (3) 90 (6) 30 (0) 27 ( extended follow-up that provides important information on the frequency of late events in this patient population. The late breast cancer recurrence risk of 5% can be cited in counselling patients about their risk for late events after they transition to survivorship. In addition, we found that although patients with low hormone receptor positivity may have higher risk of late events -reaching statistical significance in our study only for RFS but not RFI or DRFS -the overall magnitude of this effect is modest, in particular compared with what is published for HR þ disease. Overall, this study highlights that although TNBC patients have a lower late event rate than other breast cancer patients, there is still a small subset of patients who experience late recurrence; the results of this study will help us educate our patients about the magnitude of risk.
